Surface pressure and inviscid flow field properties of the North American Rockwell delta-wing orbiter for nominal Mach number of 8, volume 2 by Warmbrod, J. D. et al.
/DMS-DR-1225
CR-120,046
VOLUME II
MARCH 1972
SADSAC SPACE SHUTTLE
AEROTHERMODYNAMIC
DATA MANAGEMENT SYSTEM
CONTRACT NAS8-4016
MARSHALL SPACE FLIGHT CENTER
SPACE DIVISION~~ CHRYSLERC. CORPORATION
-SPACE SHUTTLE-
SURFACE PRESSURE AND -
INVISCID FLOW FIELD PROPERTIES
OF THE NORTH AMERICAN ROICKWELL
DELTA-WING ORBITER FOR
NOMINAL MACH NUMBER OF 8
by
R.K. Matthews, ARO, INC.
W.R. MartindaIe, AR0, INC.
10. Warmbrod, MSFC
N72-22896 ]
Unclas .
25161
VK F 50-INCH
HYPERSONIC TUNNEL B
Arnold Engineering
DevelopIT1.ent Center
Reproduced by
NATIONAL TECHNICAL
INFORMATION SERVICE
us Department of Commerce
Springfi.ld, VA. 22151
This document should
be ref~renced as
NASA CR-120-046
https://ntrs.nasa.gov/search.jsp?R=19720015246 2020-03-11T18:50:36+00:00Z
NASA Series Number: P-1001
SADSAC/SPAcE·SltUTTLE
wnro iUlmEL TmT DATA REPORT
CONFIGURATION: North American Rockwell Delta Wing Orbiter
IJofS-DR- 1225
CR-120 j 046
VOUJME II
March, 1912
TEST PURPOSE: To Determine SUrface Pressures and Inviscid Flow Field
Properties at Mach Number 8
TEST FACILITY: AEDC VKF 50-Incb Hypersonic Tunnel B
.TESTING AGENCY: AEDC-MSFC
--------------------------
TEST NO. Be DATE: VT 1162-1; September, 1911
FACILITY COORDmATOR: Mr. L. L. TrillDD.er, ARO, INC.
PROJECT mGINEER(8): Mr. R. K. Matthews, ARO, INC.
Mr. We'R. Martindale, ARO, INC.
Mr. J. D. Warmbrod, NASA-MSFC
DATA MANAGENENT SERVI~
LIAISON: ~~ !zL~==-=-__ DATA OPERATIONS:~_._. _
~E.~ .~
RELEASE APPROVAL:
1'~
CONTRACT WAS 8-4016
pervisor
Data Group
. I
AMmlltiENT 153 DRL 184 - 58
This report has been prepared by Chrysler Corporation Space Division under
a Data Management Contract to the NASA. Chrysler assumes no responsibility
far the data presented herein other than its display characteristics.
FACILITY COORDINATOR:
Mr. L. L. Trimmer, ARO, Inc.
Arnold Engineering Development Center
Arnold Air Force Station, Tennessee 37389
Phone: (615) 455-26ll-X7377
PROJECT ENGINEERS:
Mr. R. K. Matthews ARO, Inc
Arnold Engineering Development Center
Arnold Air Force Station, Tennessee 37389
Phone: (615) 455-2611-X594
Mr. W. R. Martindale, ARO, Inc.
Arnold Engineering Development Center
Arnold Air Force Station, Tennessee 37389
IPhone: (615) 455-26ll-X575 .
Mr. J. D. Warmbrod
S&E - AERO - AF
Building 4610
NASA-MSFC
HuntSVille, Alabama 35812
Phone: (205) 453-0170
.
, • '1 ,.. '" i··
SADSAC LIAISON:
Mr. John E. Vaughn
Chrysler Corp. - Huntsville Division
102 Wynn Drive, Department 4820
Huntsville, Alabama 35805
Phone: (205) 895-1560
SADSAC OPERATIONS:
Mr. J. R. Ziler
Chrysler Corp. Space Division
P. O. Box 29200, Department 2780
New Orleans, Louisiana 70129
Phone: (504) 255-2304
i; :", .'.
FOREWORD
The work reported herei,., was sponsored by the Marsh.n Space
Flight Center (MSFC), NASA. The results of tests Pf"!~!nted w~re obtained
by ARO, inc. (a su~sidia~ of $v~rdrup &Parc~l and ~sociates, Inc.),
contract operator of the Arnold Eng'~eer1n~ DeveloPme~~ Pen~r (AEDC). AFSC,
Arno1d Ai r Force StatiQn. Tenne~see. Ascen~ and re~ntry c~~1 t1 ons were
simulated on sh~ttle models design~4 by McD,onn~ll DougJ~s (MP~C). North
• . . ,. ~" r . •
American Rockwell (NAR) and General Dynanncs Convair (GOC). In addition a
, . . . ; ,. - " .
limited amount of data ~ere obtafn~~ on two ~search mp~els provided by the
langley Research ce~ter (LRC). BecJ.tJse of the proa~ ~cope of these tests
the data will be presented in a ~~r~es of SADS~ rep;~rts. r~h report pre-
sents the res"lts ,fir the .u.rlace p~,ssure and f~~ field t~~~ co.nducted at
Mach 8 in Tl:InneJ , pn the North Anleri can Ro4w.t1J qe1ta Wh~9 .~rbitel:'.
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SECTION 1
INTRODUCTION
This report presents the results of a wind tunnel test program to
determine surface pressures and flow field properties on the North American
Rockwell orbiter configuration. The tests were conducted at the Arnold
Engineering Development Center (AEDC) in Tunnel B of the von Karman Gas
Dynamics Facility (VKF). The tests were conducted in September 1971.
Data were obtained at a nominal Mach number of 8 and a free-
stream unit Reynolds number of 3.7 x 106 per foot. Angle of attack was
varied from 10 to 50 deg in 10-deg increments.
SECTION 2
MODELS AND APPARATUS
2. 1 MODEL DESCRIPTION
Model drawings were provided ARO, Inc. by the North American
Rockwell Corporation and fabrication of the Stycast model was subcontracted
to the Grumman Aircraft Corporation. The model had a 1.0-in. long steel
nose and 10 windward centerline pressure orifices. Asketch showing the
overa11 model di mens ions is presented in Fi g. 1 and a photograph of the
configuration is shown in Fig. 2. Table 1 provides additional configuration
description details but it should be pointed out that the models were cast
as one smooth surface without moveable control surfaces.
2.2 FACILITY DESCRIPTION
Tunnel B is a continuous, closed-circuit, variable density I'lind
tunnel with an axisymmetric contoured nozzle and a 50-in.-diam test section.
1
The tunnel can be operated at a nominal Mach number of 6 or 8 at stagnation
pressures from 20 to 300 and 50 to 900 psia, respectively, and at stag-
nation temperatures up to 1350o R. The model may be injected into the tunnel
for a test run and then retracted for model cooling or model changes without
interrupting the tunnel flow.
2.3 INSTRUMENTATION
The model flow field was surveyed with pitot-pressure and single
shield total temperature probe rakes. The rakes were mounted so that
pressure and temperature measurements could be made simultaneously. The
rakes, support mechanism, and spacing of the probes are shown in Fig. 3.
Static and pitot-probe pressures were measured with 15 psid
transducers referenced to a near vacuum for pressures less than 15 psia
and to atmospheric pressure for pressures greater than 15 psia. The
atmospheric reference pressure was also measured with a 15 psid transducer.
SECTION 3
PROCEDURE
3. 1 TEST CONDITIONS
Nominal test conditions are presented in the data summary sheets
(Table 2) and the specific test conditions for each run are provided at the
top of the data tabulation sheet for that run.
3.2 DATA REDUCTION
By assuming the flow-field static pressure equal to the wall static
pressure, the local Mach number (Ml) was calculated from the Rayleigh pitot
formula,
2
\7/2 \5/2
PR _ ( 6~'L2) ( 6 1 ' for ML ~ 1
M - \~ 7ML2_1 /
or from the compressible Bernoulli equation,
PR = (1 + 02 ML2)7/2 for ML < 1.PML . ,
The assumption of constant static pressure becomes less valid as the dis-
tance from the model surface increases.
The equations for the other flow field parameters are:
Parameter
TL
UL
RHOL
MUL
REL
Equation
TOTL = -----;:--(1 + 0.2 ML2)
UL = (49.02)(ML) If[
RHOL = (2.70)(PML)
TL
MUL = 2.27 (TL)3/2 x 10-8
TL + 198.6
REL = (RHOL)(UL)
(32.17)(MUL)
Units
ft/sec
LBM/ft3
1b-sec/ft2
The quantities calculated using TL are not valid in the model
boundary layer since TTR is less than TO and, of course, none of the
calculated parameters are meaningful outside the model shock layer.
3.3 DATA PRECISION
Estimated uncertainties of the primary measurements are given
be1oH:
3
//
,
Parameter
PML
PO
POl
PR
TO
TTR
Uncertai "!!.t
:hJ.015 psia
±1.8 psi a
±0.021 psia
±0.015 psia (for PR ~ 15 psia)
!0.021 psia (for PR > 15 psia)
±10oR
±25°R
SECTION 4
DATA PRESENTATION
The test data are presented in tabulated and plotted form in Appen-
dixes A and B. The data are presented in the following order.
Appendix Type Data a X/L
A Surface 10 0.1 + 0.97
1
Pressure 20
1! 304050
B Flow 10 0.3,0.5,0.7,0.9
! Field 20 ~t. 30 0.3, 0.7,0.940 0.7,0.9
Table 3, Page 16, presents a summary of these data.
Pitot pressure and total temperature measurements were attempted at
X/L stations of 0.7 and 0.9 at 50 degrees angle of attack; hovlever, the
rakes and support distorted the flow field as observed in shad~/graph
photographs and therefore these measurements are not presented.
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TABLE 1
CONFIGURATION DESCRIPTION DETAILS
mOEL CO;,'IPONENT: BODY - B6~:....:.-._~-------------------
GENERAL OESCRIPTION: Basic delta wing fuselage. Fuselage reference plane
is located at water plane 400.00 in.
Model scale = 0.013
DRAWING NUHBER:
DIMENSIONS:
Length
Max. lHdth
Max. Depth
Fineness Ratio
Area
NR 9992-1618
FULL-SCALE
2223.00
495.80
263.00
6.019
MODEL SCALE
28.899
6.445
3.419
6.019
Max. Cross-Sectional
Planform
l~etted
Base
8
743.95
DNA
DNA
DNA
.1257
DNA
DNA
DNA
TABLE 1 - CONTINUED
~ODEL COMPONENT:
GENERAL DESCRIPTION:' D~lta wing with _5° twist and rounded wing tips. Wing
blended into body. Used with body 86.
Model Scale = 0.013
NR 9992-161B
NACA 0009-64
---....N.....ACA '0012.,.';'6"'4---
DRAHING NUMBER:
DIMENSIONS:
TOTAL DATA
Area, ft2
Planform
Hetted '
Span (equivalent~ in.
Aspect Ratio
Rate of Taper
.Taper Ratio
Diehedral Angle, degrees
Incidence Angle, degrees
Ael~odyn«mi c T\'/i st, degtees
Inc1adence, 'Root (B. P. 247 ..90)
Incidence:, Tip (B.P. 557.70)
Sweep Back Angles, degrees
Leading Edge .
Tr« i 1"i ng Edge
0.25 Element Line
Chords:
Root (Wing Stat 0.0)
Tip, (equivalent) (W.S. 640.97)
MAC, inches (W.S. 240.62)
Fus. Sta. of .25 MAC
\'l. P. of .25 MAC
Airfoil Section
Root
Tip
EXPOSED DATA
. 2 .
Area, ft
Span, (equivalent), in~
Aspect Ratio
Taper Ratio
ChOl~ds
Root (Equiv.}(W.S. 232.62)
Tip (Equ;v.)(W.S; 640.97)
MAC (W.S. 392.31)
Fus. Stat of .25 MAC
W.P. of .25 ~tAC
9
. FULL-SCALE
6511.00
1272.38
1.714
1.719
0.144
7,000
0.000
-5 000
0.000
-5,000
59.808
0.000
52.197
1287.70
186.00
874.10
1793.32
280.73
3023.·00
810 .61
1.498
0.209
887.85 .
186.00
613.38
1988.85 .
299.22
MODEL SCALE
1.100
16.541
1,714
1.719
0,144
7.000
OeOOO
-5 000
0,000
-5,000
59,808
0.000
52.197
16.740
2..418
11.363
23.313
3.649
.5109
10. 538
1.498
0.209
11.542
2.418
7.974
25.855
3.890
•TABLE 1 - CONTINUED
-'ODEL COMPONENT: Verti ca1 Tail - V27
GENERAL DESCRIPTION:" Centerline vertical tail on delta wing configuration. The
total data include the void area listed be1mt. Used with body - B6.
Model Scale = Q 013
-_.~.-.
DRAIHNG NUMBER: 'NR 9992-161B
___~NACA."0012..:.-6w.:4L-__
___..u.NACA 0009,.:.-6w.;;4L-__
0.000 0.000
0.000 0.000
50.003 50.003
25.352 25.352
45.352 45.352
DIMENSIONS:
TOTAL DATA
Area, ft2
P1anfprm \
*Void \included above)
spa~ (eq~ivalent~ • i~.
Aspect Ratio
Rate of Taper
.Taper Ratio
Diehedral Angle, degrees
Incidence Angle, degrees'
Aerodynami c T\'/i st, deg tees
Toe-In Angle
Cant Angle
Sweep Back Angles, degrees
Leading Edge
Trailing Edge
0.25 Element Line
Chords:
Root "(W.P. 511.62) ~
Tip, {equivalent}(H.P. 872.67}
MAC.(W.P. 660.90)
Fus. Sta. of .25 MAC
I'I.P. of .25 MAC
Airfoil Section
Root (H.P. 500'.44)
Tip (W.P. 878.00)
EXPOSED DATA
. FULL-SCALE
626.03
1.99
"361.06
1.446
0.718
0.316
379.31
120.05
272.JJ
242Z·61
660.90
MODEL SCALE
.1058
.000336
4.694
1.446
0.718
0.316
4 931
]·561
3 537
8592
Area
Span, (equivalent)
Aspect Ratio
Taper Ratio
c;.hords
Root
Tip
MAC
Fus. Sta. of .25 MAC
W.P. of .25 ~lAC
*This area is the void area located at the lower aft portion of the surface.
10
" .
TABLE 1 - CONTI:NUED
MODEL COMPONENT: E1evon - Ell (Data for one of two sides)
·GENERAL DESCRIPTION:
Model Scale =0.013
DRAvlI NG NUMBER:
Constant chord e1evon located on delta wing - W21
NR9992-161B .
DIMENSIONS:
. Area (true), ft2
Span (equivaient) , in.
Inb'd equivalent chord(W.S. 237.48)
OutbId equivalent chord(W.S. 654.78)
~atio Moveable Surface Chord!
Total Surface Chord
At Inbld equiv. chord
At Outbid equiv. chord
Sweep Back Angles, degrees
Leading Edge
Tailing Edge
Hi.ngelinc
Area Moment (Normal to hinge line),ft3
(Product of area and.mean chord)
11
FULL-SCALE
423.09
417.30
146.00
146.00
0.166
0.900
0.000
0.000
"0.000
5144.00
.: .
MODEL SCALE
0.0715
5.425
1.898
1.898
0.166
0.900
0.000 .
0.000
0.000
Q,QJl3Q
TABLE 1 - CONTINUED
t-',oOEL C01'.PONENT: Orb1 U 1 Maneuveri ng Sys tern Sh roud - Zz
GENERAL DESCRIPTION: Fairng over orbital maneuvering system. Located on aft
upper fuselage mold line.
Model Scale = 0.013
DRA\H NG NUMBER:
DIMENSIONS:
NR 9992-1618
FULL-SCALE MODEL SCALE
Length (along upper surface), in.
Sta. of Leading Edge, in.
:Sta. of Trailing Edge, in.
Pitch .Ang1e (I.E. Up), deg.
Area
Max. Cross-Sectional
Planform
Hetted
Base
12
359.31
2163.33
2523.56
3.181
4.671
3.181
-GENERAL DESCRIPTION:
MODEL COMPONENT:
TABLE 1 - CONCWDED
-Drag .Brake - J4 (Data for one of two ~ides)
. . ~~ .. .' .',.'"':'~~~~:i ' -
Drag Brake - J4"''fs the defl ectab1e si de panel of the
vertical tail V27 hinged at 60% element line and extending to the trailing
edge.
Model Scale ~ 0.013
DRAWING NUMBER: NR 9992-1618
(All dimensions are in the drag brake reference plane)
DIMENSIONS: FULL-SCALE MODEL SCALE
..
_Area, ft2
Span (equivalent), in.
lobld equivalent chord, in.(W.P. 520.18)
OutbId equivalent chord, in.
Ratio Elevator chord/horizontal
tail chord
At lnbld equiv. chord
At OutbId equiv. chord
Sweep Back Angles. degrees
Leading Edge
Tailing Edge
H'ingelinc
Area Moment (Normal to hinge line},ft3
(Product of area and, mean chord)
13
242.39
355.61
149.22
47.08
37.273
25.352
37.273
1921.27
.0410
4.623
1.940
.612
37.273
. 25.352
37.273
0.00422
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